DERWENT-ACC-NO: 1 997-1 75526 
DERWENT-WEEK: 199716 

COPYRIGHT 1999 DERWENT INFORMATION LTD 



TITLE: Sintered silicon nitride body used in gas turbine parts - comprising 
o uter surfac e layer with rare eart h sintering aid, thin layers of sintering 
aid, and crystalline boundary phase 

PATENT-ASSIGNEE: NGK SPARK PLUG CO LTD[NITS] 

PRIORITY-DATA: 1 995JP-0212658 (July 28, 1 995) 

PATENT-FAMILY: 

PUB-NO PUB-DATE LANGUAGE PAGES MAIN-IPC 

JP 09040464 A February 10, 1997 N/A 006 C04B 035/584 

APPLICATION-DATA: 

PUB-NO APPL-DESCRIPTOR APPL-NO APPL-DATE 

JP09040464A N/A 1995JP-02 12658 July 28, 1995 

INT-CLJIPC): B32B005/00; C04B035/584 ; C04B035/64 

ABSTRACTED-PUB-NO: JP09040464A 

BASIC-ABSTRACT: The sintered silicon nitride body comprises: (i) an outer 
surface layer with at least 150 pts. wt. of the rare earth element sintering 
aid; (ii) 1st thin layer with 5-50 pts. wt. of the sintering aid; (iii) 2nd 
thin layer with 90-1 10 pts. wt. of the sintering aid and crystalline grain 
boundary phase; and (iv) the main portion with 100 pts. wt. of the sintering 
aid, and grain boundary phase mixed with crystalline and amorphous substance. 

USE - As material or raw material for gas turbine heat engine structural part. 

ADVANTAGE - Provides the sintered body with practically sufficient properties. 

CHOSEN-DRAWING: Dwg.0/0 

TITLE-TERMS: 

SINTER SILICON NITRIDE BODY GAS TURBINE PART COMPRISE OUTER 
SURFACE LAYER RARE 

EARTH SINTER AID THIN LAYER SINTER AID CRYSTAL BOUNDARY PHASE 
DERWENT-CLASS: L02 P73 





Page 11 (JJeffery, 09/21/2000, EAST Version: 1.01.0015) 



CPI-CODES: L02-H02B2; 
SECONDARY-ACC-NO: 

CPI Secondary Accession Numbers: C1 997-0561 02 
Non-CPI Secondary Accession Numbers: N1997-145108 



Page 12 (JJeffery, 09/21/2000, EAST Version: 1.01.0015) 



<19)B#BftfFtf (JP) 



(12) 



& m * it & $g 



(a) (nwmm'mm 

#H¥9-40464 

(43)&§BB ^9^(1997)2^100 



(51) IntCl. 6 

C0 4B 35/584 
B 3 2 B 5/00 

C0 4B 35/64 



F I 

C0 4B 35/58 

B 3 2 B 5/00 

C0 4B 35/64 



1 0 2X 
Z 
A 



glESfcR *gfcR «JR«G>«5 FD (461) 





#S¥7 -212658 


(71) IAEA 


000004547 














(22)/II8JB 


JpjS87^(1995)7 H28B 




^m**BTfl««fciSitm4#18*t 








(72)8!#£ 


ft* ft£ 










»»Jft**att«iBKiSttBri4#18^ 


H 
















(72)»W# 












s«i»&$amiEftitiiri4#i8^ 


0 
















(74)WSA 


#9± /Jn& ffitt 





(54) wwozm mK&mtmmw*QW&m 



(57) [gifl] 

^»»*8 9a«% (jar. *tn 

0. ) C Yb 2 0 3 «*8%, Ah 0 3 »*l%a 

**«H*U 5 5X55X2 5mm«l:»*E7l/ 

#?Bm4>. SSEMfcfcEri'^ifcfc: J: oT 1 8 0 0"CT-2 
eiajftSLJt. f# WcMifrfrAi^MiiT. 1 3 0 
OTTClOOOiSIBBBtfSaU fcOfSfl^SStJ:') 



Page 13 (JJeffery, 09/21/2000, EAST Version: 1.01.0015) 



(2) 

1 

ft**»6$r 0 . ±iS±tf^MISI»»£#*£ lOOfc 

1 5 0 JiJLh. _LfE3S i ^sa+^^fflM^M^a* 

jWS*JfcC9 0~l 1 0T&9, ±f23S2<S95?iftf»tfD& 
fllCk #fl*fc tT oft £ SrfJSk -f ftgftS 
[ 11*3(2 3 iWr< k i$±^££^B!0«ttk 

«w*»6*(c, mi<mm. &2<mm$afkw.m*t> 

fc, ±f2mi^l*«0M*SI»?FM^** J «*JfC5~ 

5o, m}jm2mm*<r>mmmtmn%& 

X 9 0 ~ 1 1 0 Th *) . ±IBS8 2 ora^OSffffitttt 
AffC^T, J.oJJBiftaW)fi*IBtt, *Siftftk# 20 
AUk Lt oft i k frtttt^^flft^MMIIS 
*. 

[|f#@3] ±K»l*>3Ji*)*3li5~2 5 0jiem 

hm-m. i x«4 2 mtwmwmvm&ft. 

[18*94] J IS R16 1 2KftO. 1 
4 0 0*CT'2 0 0MPa<Ofl*fl5*^#Lfe*i^<0, 

i o o masaftosafttf o.ooi jmx-fo ft m* 
[ 5 ] aft£sn$ t . < k t *±sec* 30 

t*WWIMW»*i:«lllja*t. J£»U £fi£L£ 

iwfcswwiT, noo~i6oo -c-e 30 bmiei 

k K J: 'Jit*]! 1 i!ft9«l»IU 

[00011 

J^fcfcB-ftillltf!**fcWi. Jlo, 'J-TfcJ: 

ZktfX'ZZ. 
[00 02] 

ttfttfiM»fcWvOiftfctf>. a»*fflxys/y*» 
* -h' y s/yt$*»»IMJfc Jfl v ft fltiitttt 

[0003] fiifcgSii. Ara£tfc^fctf>Bftte 

ttffto-C. *»SStf«;fc*>fcliA I2 O3 , MgOS 50 



WIHF9-40464 

2 

ft. L*>U ^^l^teWS'JSrffifflLTtt^nft^iSft 
14. !Klfc*J»t*ill«H1M»v^iW^ y-rttftWKT 

■tftfaiftifcAo. &&4»na»L ttnasattit. a 

[0004] «§B J P6-18 384 2^&*(C 

®m&i£±nmzft^m.X'mmtz>zbiz£r) 
teikmmtttz-t. w^u-rtt*rt±s*fttt»*« 

OTflffPe - 1 3 5 7 0 6-f£«£tt. &mim$}*% 

mfcix®t>ti&g.itmmmz}i^x. 771 & 
ft. jkk. mime 1-31 5*&*nii, 

*Wft Z k iz J: 0 . ttttffiltt? U -7ltfc«ifcHfl: 

asHWi* t #*«t»36«E«s*j.r v^ft . 

[0005] 

aw«*fti:j:«*ifi'Ctt, w^y-Tttiimi-rft 

^ffist-ft^i>. »^y-rtt»i»at*srr«*ft 

#ST«*ft36*. «ilft*lWjSrCHBl36«*9. *^Lfc 

[00063 *»bj(j n ±idcorais^i&»^-rft t^tr 

^t^®«t*S«:^^c0S8J§^«*g«-r ft t <or* 

ft. 

[00073 

IS*J4. *«r< k t#iJa7E^S:MMB()fflfi)c^k LT^ 

feme. mico»ii. *2^ra&r/±»»«> 

<?>^ 0 . ±K^fW(0«HilMfift^M^ 10 0k Lfe^ 
±ieii^S4'^Mi!g»)^M^** i fiaJtT-l 5 0 
£Lh. ±ESH 1 ^oMiSWffM^^aMJrbT" 5 
-50. a^±te»2 W«l+O^Bl!>^M^**iM 
itT9 0~ 1 1 OX'h 0 . JJ2»2««l«|««»IMBl± 

^H@k LT ^ ft i k ft . 

[0 0 08 3 4fc. »25HB«gfl3SB««iaWi. * 
^< k i#±«7«£M&l03»k LT*t«fl3eR 

m2c0^iiiat^'±*gl5A^ 5 5^ , ). ±E±*a5 
0«BS«iBi|«5HI* 1 0 0 k Lfe«^C, ±K» 1 <0» 



Page 14 (JJeffery, 09/21/2000, EAST Version: 1.01.0015) 



(3 

3 

2mm^mmm^Mi) i mmitT9o^i 1 o-c 

[0009] JSKs *3IKB«afla3Rfllt»«i. ± 

fe®l^»«<0ff${i5~2 5 0/xm-C*>-pT> ±E» 
2*MMI»W3«1 0~3 5 0jumT*6ii:t»ai: 

•rs. 

[0010] Sfc8J|ifc l/C«. ^fcfifefc LTOfg**: 10 

±«7c3li: tt«s Y s Sc„ La s Ce, Pr, N 
d, Gd. Tb, Dy, ErRtfYbVOjaW*^ 

itcWMzmm'U >rm&mnu *<m. m» 

U ««U JX^Ts JKUtSIU tt£Vtfift£U XJi 20 

[ooin aiawsi t ttchimm 

LTM^ffifflSfrC^SMg. Al. V, Mo&tfWIf 

msmtwz < tmimfr iiwtmv%\ > 

ajwroafca*. attwcutv mtaEn o 3 . Yb 

2 03 ,. a 1 2 03 stxwo 3 &ttZZtie>CDim 
fls««L<«aawk**fc*r»T, ass. nnffr*-^ 30 

*Zmt&ZktfX'%l. 
[0012] JJE«J<^i4MPflWSttTjlllrt- fc# 

M^Mii, w*tfi6oo~ 

2 3 0 0'CcOiajg«HT\ H*^k**^ 40 

[ o o 1 3 ] jLu rmm j efcttssraawrosfl*** 
«ftJtt'l 5 0*Srcl4, ±e»i<wwiic«h-*jjb 



ttBR¥9-4 04 64 

4 

2O*im8*0)«;Si:$r*. 

[0014] sc. jjb 1 comm j kj-jwcu. * 
<ott#H*9Hwre* &^t=« com 1 co^i tts 
v&mmif&ftstcoM&tm^ t tm~>x. mm 

[0015] si cosatcfe^^MteB&M^icoaa 

«»**■*•*. 4fc. z<r>mi<mm<nw^5txmm 

Ttt, MlNttt. 'J-nt#i:tl:*TU 2 5 0 

;<7)J?$I±4 5~1 1 QumVtb&ZbtfmK. Z 

mmx&iuf. m®M<?)ffimizfrfrb>o%< , x 
**. 

[0016] JEfc s ±ia r^2^)fi« j iz&^Xii. ft 
R2 Si 2 0 7 -C^itSDffl, R10AI2 S 
is OisN* T^aSAffi. R4 Sia N2 O7 T3I 
?fil> Jffl24VR2o S ii 2 O4BT^$ii4Hffi^<0 

[ 0 0 1 7 ] »20Mict{(t&«ElSJI»f!ll£^ft 

<Ofiltfc{±9 0-l 1 0<7>3EHTS>S^ ±ff« 
cOWffifclMg^t^O. MJfclilOOUtti:**. 

mmKk*%WB#i>i. mz<Dm2<mmcomtin 
onmmx'\$, mi v-TmwTi-&K#>mi< 

[ 0 0 1 8 ] *IM»0Bfl^l»tffi»«Ttt. « 

[0019] 3^t&fl3£*9HK£ftii. »5»»<0J: 

S^T. 1 10 0—1 60 O'CT'3 OBlfRItUjajllUi-r 
6 ; t fc <t Oit*Jl 1 leiKcoS^iiSriix I.M-fta^fi 
ffi6H!»H»L. fcof*. fltf««*IIMct4ii:fcJ: 



Page 15 (JJeffery, 09/21/2000, EAST Version: 1.01.0015) 



(4 

5 

[0020] imxmwmitWs mmxmm, 
(,zM&zti&\ fmmm&n i oo°c*}1t 

[0021] 55(=, awppsiau;* a*. ffiaaffiftK 

[0022] IK 2 fHH^>Sf t^R9T«IHlf*rr». 

^atHSJKT-S)o-C. J.o±IEfc|SI 
mK^) «S aS& 2 agfl i: £ #t 6 «i§ k & o T v ^ . 
i«J:3*fl6fik«itlcJ:"3. WftffcttaWiU 

[0023] ifc. ±IE«0J: ?%M§£ff>$2?H)tt> 

Jfilk3*4£i:t:J:o'Ci!»t*ii;*«f**. i^J: 

mt< *i, mi 1 mvmttmmwmmm *>tit.* 
wjHDmimmmmftvte. ^mzmmtv-r 

[0024] 

X(±Yb2 03 A 1 2 O3 ffi*&t>'A 1 N© 

T, WJ&0»*«II'C3 0 BHSU2LL, Wc5 OiflBfiU: 



ttMV9-40464 

6 

[0025] 

immm] bit. *m$mm\izj:t)mzmi<m 
-*4. 

^mnmO. 6/*nu a*9 7%«M-ft^a*8 9fi 
T%fiffil~3jum*>Eri Os $3fc8ftfi 

g<7>wo 3 ft*2ft»%£E-&U Sfl9i*«*>;K-;u 

fcflHIU £<9»*&5 5X5 5x2 5mm?)J#Kfc:4 
ton/cm* WBE^T»*E7VXJ^ts 

J IS R 1 6 0 4 jca^^T ft 

[0026] ^WfSv «^<?J6 , ±12^5^^ 
|g 1 fciR-r jfcfrfc J: o T «JB»H^C*n«U!!!ra 

it 4fc. *J4»3f»»^«ffllR«t«. 

ii-rv^iktat. miw&mt^mfetmtT 

[ 0 0 2 7 ] (1) g^Jl&lA'm 1 -2<0OTMt/t±* 
(2) miat^«2c7)ji®^^gJttfflj£^lc7)S«lt; 

[00281 (3) K-ffctiA; J I S R16 09fc3Ht 
T. ISSUtS: 1 3 0 0*CT'l 0 OiHiMRt^il. ** 

(4) tttmX ; J I S R 1 6 0 4 4^fttf3S 

fttiaoo^K-cweLfc. 

(5) ; J I S R 1 6 1 2 1^<-\ 1 4 0 0*0, 
M?tJiE^2 0 0MPa, 1 OOmm^mzX. 4irfi 

^*=6 t*2 / C (L+2 1 ) x (L- 1 ) ] 
( t ; |fflUt4>J?8 . *i ; fiffijiSOMKfa* , L ; 

^■{y. 1 ; fawy) 

[0029] HH01J1 0-1 8 

seawifctivvt. ^ffi*j^Yb 2 03 8ss%. a 
1 2 o 3 isa%&yA 1 N2a*%fcft*fcflfcte, * 

Ml5J«Mia*L*v^ ) , R«£LTffltflsWI<0fc 



Page 16 (JJeffery, 09/21/2000, EAST Version: 1.01.0015) 



(5) 



#^¥9-40464 



8 



mn . mmm i ^^zit^xmm^t^m 

ft. ^RfcfflK^TtfrJKfflaLfc. St2fc*$i.YC*a 



i%&<7)n&}tX'&Z>. 
[0030] 

ran 



(003 1 











stoma 


(ng/cn 2 ) 


(MPa) 








CC) X<Hr) 






E# 




Sit 






1 


1200 X 100 




10 


33 


15 


100 


0 


<0J 


570 


<0. 001 




2 


1300 X 100 




30 


22 


40 


103 


0 


<0.1 


580 


<0. 001 


m 


3 


1300 XI 000 


* £ 


50 


28 


65 


93 


0 


<0.1 


600 


<0. 001 


4 


1400 X 100 




80 


15 


SO 


95 


D 


<0.1 


620 


<0. 001 




5 


1500 X 50 




100 


17 


120 


101 


0 


<0.1 


600 


<O.O01 


ftf 


8 






tt 0 




1* 0 






0, 20 


5B0 


0. 036 


7 


1700 X 50 




200 


3 


250 


97 


J 


<q.i 


350 






8 


1300 X 100 




tt 0 




20 


103 


0 


0.19 


570 


0.025 




9 


1000 X1000 


* a 


tt 0 




tt Q 






0.21 


560 


D. 035 


] 3K K[%2] 

S 2 












fag/cn 2 ) 










CC) X CHr) 






Sit 






asm 




10 


1100 X1000 




20 


15 


25 


105 


A 


<0.1 


670 


<Q.Q0I 




11 


1200 X tOO 




20 


35 


30 


102 


A 


<0.1 


660 


<nooi 




12 


1300 X 100 


* 55 


40 


18 


50 


103 


A 


<0.1 


650 


<0.001 


13 


1300 XI 000 




70 


25 


80 


95 


A 


<0.1 


690 


<0.001 




14 


1400 X 50 




200 


30 


300 


98 


A 


<0.1 


650 


<0.001 




15 






tt 0 




tt 0 






0.43 


680 


0. 040 




16 


1500 X 50 




*1000 


3 


w 500 


95 


A 


<o.i 


450 






IT 


1200 X 100 


S*N, 


» 0 




300 


101 


A 


0. 40 


6G0 


0. 026 




18 


1000 XI 000 


* a 


tt o 




tt 0 




A 


<0.l 


640 


0.041 



[00323^1 ^mzxtm. mmm i ~ 5 <r><mt 
m^mm.-^ mmmmmizm&mm 

**>fcft. UMK«MUl*ia6«^1^LtO. lmg 

/cm' *i#fc»i:TJ>9. ^Mtt^X^rnXO . 
0 0 !WiX-$>&. 5 7 0-6 2 OM 



[0033] Se«M6-«i. JR»a*itL-OvSr 



Page 17 (JJeffery, 09/21/2000, EAST Version: 1.01.0015) 



(6) 



x it i-cmA-momfetfTZtt: fritz, wc, mm 
imx-i&K. mm^mmzmmtti^ms 
■en. . mmMiWmz-mtg 

*»-ofc«^f: 1 fttf 2«i vffc^SJf 

[0 0 34] £2«i)l6*fc:-J:iitf. IQKMl 0~ 

m&jkk%B0! i - 5 * jjg v ^ . 

C0 0 3 5] ztuzttix. fmmimix\^mi 

t±, i oooumtiEmzm^micoBMtf&.&Li. ft 
fu s»*»SK{irs**»ofc. sec. 



#IS 3 F9-40464 
1 0 

fc. mmm.#i o oortfiv^aiwi sra. a 

[0036] $ttffll 9~24 

mm i o ~ 1 8 1 m-rmLnrnm $v * , i&s&sco 

10 **<0**fcU;*6i:. tt*Ufc*^(cov»T. flfrf 

. 5ME<otf4.-3*i4«7>f rjumxmi-. z 

>KK. 2 0£j^9TigS^tttffco&jW**^i: 

[0037] 
[1§3] 



*20 



3 











(MPa) 








PC) X(Hr) 






19 


1200 X 1Q0 






6/0 


25 


n 
$ 


20 






660 


14 


21 


1300 X1000 




it 


659 


32 


22 




690 


16 


23 


1400 X 100 




ft 


650 


26 




24 




* 


680 


II 



[ 0 0 3 8 ] $t 3 J: ft&JRa$||EC: J: & 

tzi%£\±2 5 , 3 2Mf2 6 fc&oTfc 0 , W^Mt)H 

<n&$.m&tix^z>mx'\$\ 4, 1 6 ft VI lfftS. 
[00 39] 

WW&&<Dm^M%M : £ : t<7)£&nLX^ht:#>. KiS 



xh&tz#>. wmmzfflx. mzmm\mm)^ 

& < . fio ? y -rfc J: * S»**>/Jv5 c «fH££ffft 
»3#flfc:tfJg3*ifcJR fcfcJoT, J: OS 

40 [0040] _h!E<7)J: 3 ICS 1 ~ 3 fWfOB<0i*R* 
4*y-7fcJ:4£»ft&9l«fc:*Sv*. SC. 

m<r>mimmmmw<m&mizxtni. m®. 



Page 18 (JJeffery, 09/21/2000, EAST Version: 1.01.0015) 



http7Awww4.ipdl.jpo.go.jp/cgi-birVtran_web_cgi_ejje 



* NOTICES * 

The Japanese Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention is high in oxidation resistance, and is excellent in hot flexural 
strength, and relates to the few nature sintered compact of a silicon nitride and its manufacture technique of the amount of 
asymmetry especially by the creep. The nature sintered compact of a silicon nitride of this invention can be used as the material or 
materials of a heat engine, such as a gas turbine. [, such as parts for structures, ] 
[0002] 

Pescription of the Prior Art] Since the nature sintered compact of a silicon nitride is excellent in a mechanical property, thermal 
resistance, corrosion resistance, etc., the application to the structural material used for heat engines, such as an engine for 
automobiles and a gas turbine engine, is tried. 

[0003] Since covalent-bond nature is high, a silicon nitride is a difficulty degree of sintering, and in order to make it sinter, it 
needs to use sintering acids, such as an oxide of aluminum2 03, MgO, and rare earth elements. However, the sintered compact 
obtained using these sintering acids is in the inclination that hot flexural strength or hot creep resistance etc. falls, and the attempt 
which suppresses a fall of the above-mentioned flexural strength etc. is made by the technique of crystallizing a study of the 
modality of sintering acid, the amount used, etc., or a grain boundary. 

[0004] For example, by heat-treating at temperature still high than burning temperature, crystal grain is made to make it big and 
rough to JP,6-183842,A, and the technique of raising creep resistance is indicated. Moreover, in the silicon-nitride powder which 
nitrides metal silicon powder and is obtained, the technique of improving creep resistance is indicated by JP,6-87665,A and 
JP,6- 1 35706,A by making the content of specific elements, such as a fluorine, chlorine, and iron, below into the amount of 
specialization. Furthermore, the technique of obtaining the silicon-nitride sintered compact excellent in especially 
elevated-temperature creep resistance is indicated by JP,6 1 -3 1 5,B by crystallizing a grain boundary. 
[0005] 

[Problem(s) to be Solved by the Invention] However, by the technique by big-and-rough-izing of the above-mentioned grain, 
although creep resistance improves, increase of a defective dimension is expected simultaneously and it has a possibility of 
causing a strong fall. Moreover, although the method of reducing the amount of impurities, such as a fluorine and chlorine, is also 
regarded as effective in enhancement of creep resistance, it becomes the product with a very high cost and is not realistic, either. 
Furthermore, crystallization of a grain boundary is the easy technique learned present best, although it is a means quite effective in 
the enhancement in creep resistance, has a problem in respect of oxidation resistance, and cannot necessarily be said as 
advantageous technique. 

[0006] this invention solves the above-mentioned trouble, is high in oxidation resistance, and is excellent in hot flexural strength, 
and offers the nature sintered compact of a parvus silicon nitride and its manufacture technique of the amount of asymmetry by the 
especially hot creep. 
[0007] 

[Means for Solving the Problem] In the nature sintered compact of a silicon nitride with which the nature sintered compact of a 
silicon nitride of the 1 st invention contains rare earth elements as a sintering-acid component at least this sintered compact It 
becomes order from the maximum cortex, the 1 st thin layer, the 2nd thin layer, and the subject section from the front face. When 
the amount of sintering-acid components of the above-mentioned subject section is set to 100, the amount of sintering-acid 
components in the above-mentioned maximum cortex by the weight ratio 1 50 or more The amount of sintering-acid components 
in the thin layer of the above 1 st is [ the amounts of sintering-acid components in 5-50, and the thin layer of the above 2nd ] 
90- 1 10 in a weight ratio at a weight ratio, and the grain-boundary phase in the thin layer of the above 2nd is a crystalline 
substance, and the grain-boundary phase of the above-mentioned subject section is characterized by intermingling the crystalline 
substance and the amorphous substance. 

[0008] In the nature sintered compact of a silicon nitride with which the nature sintered compact of a silicon nitride of the 2nd 
invention contains rare earth elements as a sintering-acid component at least moreover, this sintered compact When it becomes 
order from the 1 st thin layer, 2nd thin layer, and subject section from the front face and the amount of sintering-acid components 
of the above-mentioned subject section is set to 100 The amount of sintering-acid components in the thin layer of the above 1st is 
[ the amounts of sintering-acid components in 5-50, and the thin layer of the above 2nd ] 90- 1 1 0 in a weight ratio at a weight 
ratio, and the grain-boundary phase in the thin layer of the above 2nd is a crystalline substance, and the grain-boundary phase of 
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the above-mentioned subject section is characterized by intermingling the crystalline substance and the amorphous substance. ^ 
[0009] Furthermore, the thickness of the 1 st above-mentioned thin layer of the nature sintered compact of a silicon nitride of the 
3rd invention is 5-250 micrometers, and it is characterized by the thickness of the 2nd above-mentioned thin layer being K)-350 

micrometers. " ^ 

[OOTOf silicon nitride ****** - the amount of oxygen as an impurity - about 1 - 3 % of the weight - it is - other impurities - 
**** „ a few thing -- desirable - alpha type and beta type -- it can be used, without restricting especially all Moreover, the above 
"a sintering-acid component" contains "rare earth elements" at least, and elements, such as Y, Sc, La, Ce, Pr, Nd, Gd, Tb, Dy, Er, 
and Yb, are mentioned as rare earth elements. After that, the binder suitable after carrying out weighing capacity of the 
requirements of a silicon nitride and each raw material powder of a sintering acid and preparing them for the mixed powder etc. is 
added, and the nature sintered compact of a silicon nitride of this invention is fabricated and calcinated, subsequently, it is 
heat-treated, and removes the maximum cortex, or cannot remove it. 

[001 1] As a sintering acid which will constitute a sintering-acid component, although rare earth elements are included, the thing 
containing each elements, such as Mg, aluminum, V, Mo, W, etc. which are usually used as a sintering acid, can also be used for 
others. The many consist of an oxide, and the most changes with baking to an oxide, and these sintering acids serve as a 
sintering-acid component, when it is not an oxide. Specifically, they are Er2 03, Yb2 03, and aluminum2 03. And W03 A 
crystalline substance or an amorphous grain-boundary phase is formed between the grain of the grain which it becomes grades, 
these multiple oxides, or a silicic acid compound, and the whole quantity usually becomes from a silicon nitride substantially. In 
addition, powder, such as salts, such as what may change to an oxide in an oxide or a baking process as raw material powder of a 
sintering acid, for example, a carbonate, and acetate, or a hydroxide, can be used. 

[0012] The above-mentioned molding can be carried out by well-known technique, for example, can be fabricated in a desired 
configuration by technique, such as a press forming, a casting, extrusion molding, and injection molding. Baking of mold goods is 
a 1600-2300-degree C temperature requirement, and is carried out under the ambient atmosphere, such as mixed gas with 
nitrogen gas, nitrogen gas, hydrogen gas, or inert gas. The reaction-sintering field which calcinated the system which the 
ordinary-pressure calcinating method, the gas ****** method, a hot isostatic pressing, a hot pressing, etc. are mentioned, and 
added silicon-nitride powder to silicon powder, a rare-earth-elements compound, or this as the baking technique under the 
nitrogen ambient atmosphere can also be again calcinated by the above-mentioned baking technique. 
[0013] The amount of sintering-acid components in the above "the maximum cortex" cannot obtain the sintered compact with 
which the amount of sintering-acid components was unevenly distributed in the thickness orientation so that the above-mentioned 
weight ratio in the 1st above-mentioned thin layer becomes 50 or less less than by 150 by the weight ratio. Moreover, especially 
the thickness of this maximum cortex is not restricted, but when it heat-treats so that the thickness of the 1 st thin layer may serve 
as a predetermined domain, it usually becomes in thickness of about 5-20 micrometers. 

[0014] Furthermore, in the above "the 1st thin layer", since oxidation resistance improves conjointly with the quantitative ratio of 
the amount of sintering-acid components in this 1 st thin layer being low, creep resistance also becomes what was further excellent 
in connection with it and generation of asymmetry by the creep is suppressed when the grain-boundary phase is amorphous, it is 
desirable. 

[001 5] When the weight ratio of the amount of sintering-acid components in the 1 st thin layer causes a fall of the bonding strength 
between silicon-nitride grain less than by five and this weight ratio exceeds 50, the oxidation resistance of the nature sintered 
compact of a silicon nitride obtained falls, and the amount of asymmetry by the creep also increases. Moreover, since flexural 
strength is inferior when oxidation resistance and creep resistance fall and the thickness of this 1st thin layer exceeds 250 
micrometers in both less than 5 micrometers, it is not desirable. As for this thickness, it is desirable that it is 45-1 10 micrometers, 
and if it is this domain, with respect to the modality of sintering acid etc., there is and it can obtain the nature sintered compact of 
a silicon nitride which was more excellent in flexural strength etc. [ no ] 

[0016] furthermore, the above "the 2nd thin layer" - setting - a grain-boundary phase - R2 Si2 07 D phase expressed and 
R10aluminum2 Si3 018N4 A phase and R4 Si2 N2 07 which are expressed It is constituted by the "crystalline substance" of H 
equality expressed with J phase and R20Si 12048 which are expressed. Therefore, creep resistance is improved further. 
[0017] Moreover, although the domains of the weight ratio of the amount of sintering-acid components in the 2nd thin layer are 
90-1 10, it usually becomes of the same grade as the average of the subject section, and a weight ratio becomes 100 order. 
Although it is in the grain-boundary phase and an amorphous fraction exists clearly with a crystalline-substance fraction in the 
subject section, in the 2nd thin layer, the big difference with this 2nd thin layer and the subject section is substantially formed of 
the crystalline substance as mentioned above, and the big characteristic feature of the 2nd thin layer is in this point, hi addition, 
since creep resistance falls in less than 10 micrometers, the thickness of this 2nd thin layer is not desirable. 
[0018] Moreover, it is desirable to consider as the sintered compact with which the quantitative ratio of an oxide does not have 
the high maximum cortex, but consists of the 1 st and 2nd thin layers and the "subject sections" like the 2nd invention in the nature 
sintered compact of a silicon nitride of this invention. This maximum cortex is because the stability of an elevated-temperature 
property can be raised by dispersion in hot flexural strength becoming large, and removing this maximum cortex since it is the 
layer which consists of an oxide substantially. 

[001 9] After such a nature sintered compact of a silicon nitride fabricates and calcinates the constituent of silicon-nitride powder 
and the sintering-acid powder which contains rare earth elements at least like the 5th invention, it can manufacture the nature 
sintered compact of a silicon nitride equipped with the maximum cortex according to claim 1 by heat-treating 30 hours or more at 
1 100-1600 degrees C under an oxidizing atmosphere, and can manufacture it by removing this ****** after that. 
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[0020] When the ambient atmosphere of the above-mentioned heat treatment is non-oxidizing atmospheres, such as the nitrogen 
gas ambient atmosphere or the inert gas ambient atmosphere, the layer with few [ it is deficient in the diffusion effect to the 
sintering body surface of a sintering acid, and ] grain-boundary phases which consist of a sintering acid, i.e., the 1st thin layer, is 
not fully formed. Moreover, less than 1 1 00 degrees C of the heat treatment effect may be [ heat treatment temperature ] 
insufficient, and the maximum cortex specified in this invention, the 1 st, and 2nd thin layers may not generate, but the amount of 
asymmetry by the creep of the nature sintered compact of a silicon nitride with which oxidation resistance falls and is acquired 
may increase. When this temperature exceeds 1 600 degrees C, even if it shortens the processing time, heat deterioration of a 
material cannot be suppressed but a fall of flexural strength is caused. 

[0021] Furthermore, usually, if heat treatment time has low processing temperature, it will be more made into a long time at 
above-mentioned within the limits, and if processing temperature is high, let it be a short time. However, even if it is not 
necessary to necessarily adjust in this way and it processes at comparatively high processing temperature for a long time, the 
nature sintered compact of a silicon nitride of this invention can be obtained. Moreover, even if the processing time processes at 
an elevated temperature comparatively in less than 30 hours, the target sintered compact cannot be obtained. 
[0022] In the nature sintered compact of a silicon nitride of the 2nd invention, the quantitative rate of a sintering-acid component 
has the structure of it being of the same grade as the average of the subject section, and being a crystalline substance and having 
the 2nd thin layer of thickness of the same grade as the above, to the inside at the cortex section with the 1 st thin layer often 
desirable and amorphous thickness with the quantitative low and rate of a sintering-acid component, - about 100 micrometers of 
numbers. By considering as such a configuration, oxidation resistance is improved, it excels in hot creep resistance etc., and the 
nature sintered compact of a parvus silicon nitride of asymmetry by the creep can be obtained. 

[0023] Moreover, the above nature sintered compacts of a silicon nitride of the 2nd invention of a surface structure can be 
manufactured by making a sintering body surface diffuse a sintering acid by heat-treating a baking object in oxidizing 
atmospheres, such as the atmospheric-air lower. When such heat treatment is performed, the amount of a sintering-acid 
component, i.e., the maximum cortex with much oxide, is further formed on the 1 st thin layer with the quantitative low rate of the 
sintering-acid component constituted by the above-mentioned sintering acid, and the nature sintered compact of a silicon nitride of 
the 1 st invention is obtained. Although you may be the nature sintered compact of a silicon nitride of the 1 st invention which sets 
suppression of asymmetry by the hot enhancement in creep resistance as the main purpose, and left the maximum cortex as it was 
at this point in the nature sintered compact of a silicon nitride of this invention, if dispersion in strong is considered, the nature 
sintered compact of a silicon nitride of the 2nd invention which removed this maximum cortex is more more desirable. 
[0024] 

[Embodiments of the Invention] The silicon-nitride powder usually used is used for the nature sintered compact of a silicon nitride 
of this invention, as a sintering acid Er2 03 of the amount of specialization Powder and V2 05 Powder and W03 Powder, Or 
Yb203 Powder and aluminum2 03 After blending combining powder, A1N powder, etc. and carrying out a preferential grinding 
with wet, it dries, fabricates and calcinates by the conventional method, and is obtained under the atmospheric-air ambient 
atmosphere after that by heat-treating especially 50 hours or more 30 hours or more by the specific temperature requirement. 
Although it is usable, if the quantitative ratio of the oxide which is a sintering-acid component removes the high maximum cortex 
according to a conventional method with this, dispersion in a hot intensity can use more this nature sintered compact of a silicon 
nitride as the nature sintered compact of a parvus silicon nitride. 
[0025] 

[Example] Hereafter, an example explains this invention still in detail. 

It is Er2 03 of 1 -3 micrometers of mean particle diameters in 89 % of the weight of the silicon-nitride powder of 0.6 micrometers 
of one to example of experiment 9 mean particle diameters, and 97% of the rates of alpha. 8 % of the weight of powder, and V2 
05 of about 1 micrometer of mean particle diameters W03 of 1 % of the weight of powder, and this particle size 2 % of the 
weight of powder was blended, the ball mill made from a silicon nitride was used, and the preferential grinding was carried out 
with wet. Then, a trituration object is dried and it is this powder to the configuration of 55x55x25mm 4ton/cm2 An isostatic 
hydrostatic pressing is carried out by the pressure, the obtained Plastic solid is calcinated at 1 800 degrees C by the hot isostatic 
pressing for 2 hours, and it is JIS further. It was processed into the test piece for measuring flexural strength based on R 1604. 
[0026] Then, except for the example 6 of an experiment, the above-mentioned test piece was heat-treated under the 
predetermined ambient atmosphere according to the conditions shown in Table 1 , respectively. The character of the property of 
the nature sintered compact of a silicon nitride after heat-treating, and the grain-boundary phase in the 2nd thin layer is written 
together to Table 1 . In this table 1 , it is shown that ** has separated from limitation of the numeric value of the 1 st and 5th 
invention others. Moreover, it means that * has separated from numerical limitation of the 3rd invention. In addition, the 
measuring method of each property of Table 1 is as follows. 

[0027] (1) It investigated with the X-ray diffraction method, carrying out grinding toward the interior from the authentication; 

front face of the configuration phase of the maximum cortex, the l-2nd thin layers, and the subject section. 

(2) Quantitative analysis of the element of a cross section was carried out based on the peak intensity ratio of weight ratio;EPMA 

analysis (electron probe microanalyzer) of the amount of sintering-acid components in the 1 st and 2nd thin layers. 

[0028] (3) Oxidization increase-in-quantity;JIS After heating a test piece at 1300 degrees C for 100 hours according to R1609, 

the increase in a weight was measured, and it **ed and asked for this with the surface area of a test piece. 

(4) Flexural strength; JIS The four point flexural strength based on R 1 604 was measured at 1 300 degrees C. 

(5) Amount; JIS of asymmetry According to Rl 6 12, on 1400 degrees C, load-stress 200MPa, and the conditions of 100 hours, the 
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cr e e p test 0 f four point bending was performed and it computed from the amount of displacement of a load point. 
Amount [ of asymmetry ] =6tdelta2/[(L+21. )x (L-l)] 

(t; the thickness of a test piece and delta 2; the variation rate of a load point an amount, L; an outside span, 1; inside span) 
[0029] In the example 10 of an experiment, - the example 1 of 18 experiments, the sintering acid was replaced with Yb2 03 8 % 
of the weight, aluminum2 03 1 % of the weight, and 2 % of the weight of AINs, and also the nature sintered compact of a silicon 
nitride was obtained like the example 1 of an experiment (however, the example 15 of an experiment does not heat-treat.), and it 
was similarly processed into the test piece for a bending test. In addition, by the system of the sintering acid used here, compared 
with the case of the example 1 of an experiment, since thermal resistance was a little low, temperature was lowered and 
heat-treated generally. In Table 2, the meaning of * and ** is the same as that of the case of Table 1 . Moreover, in Tables 1 and 2, 
the card column of a quantitative ratio is a weight ratio at the time of setting the amount of sintering-acid components of the 
subject section of the amount of sintering-acid components of the 1 st and 2nd thin layers to 1 00. 
[0030] 
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[0031] 
[Table 2] 
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[0032] According to the result of Table 1 , with the nature sintered compact of a silicon nitride of the examples 1 -5 of an 
experiment, the weight ratio of the amount of sintering-acid components in the 1 st and 2nd thin layers is within the limits of the 
1st invention, respectively, and the thickness of each thin layer has become within the limits of the 3rd invention, therefore, 
oxidization increase in quantity — each example ~ any — 0. Img/cm2 It is the following and a minute amount and the amount of 
asymmetry is also less than 0.001 in all examples. Moreover, flexural strength is also in the domain of 570-620MPa, and it turns 
out that it is the nature sintered compact excellent in hot oxidation resistance and hot creep resistance of a silicon nitride, in 
addition, the grain-boundary phase of the 2nd thin layer -- the examples 1 -5 of an experiment -- in any case, it has D phase of a 
crystalline substance 

[0033] On the other hand, in the example 6 of an experiment, since it has not heat-treated, the thin layer of the 1 st and 2 does not 
generate, but although flexural strength is large, oxidization increase in quantity and the amount of asymmetry are large compared 
with the examples 1 -5 of an experiment. Moreover, in the example 7 of an experiment in which heat treatment temperature is 
over the upper limit, although oxidation resistance was good, the on-the-strength fall was large, while having been a creep test, 
the test piece was fractured and distorted and measurement of an amount was not completed. Furthermore, in the example 8 of an 
experiment heat-treated not under an oxidizing atmosphere but under the nitrogen gas ambient atmosphere, the 1 st thin layer does 
not generate but it has become that in which oxidization increase in quantity and the amount of asymmetry were inferior. 
Moreover, in the example 9 of an experiment whose heat treatment temperature is under a lower limit, the heat treatment effect 
does not appear, but neither of the thin layers, the 1 st nor 2, is generated like the case where it does not heat-treat, but the case 
where it does not heat-treat, and the same result are brought, and the grain-boundary phase of the 2nd thin layer is also 
amorphous. 

[0034] Moreover, according to the result of Table 2, with the nature sintered compact of a silicon nitride of the examples 10-14 of 
an experiment, the weight ratio of the amount of sintering-acid components and the thickness of each thin layer are proper, each 
property is good completely like the case of the examples 1 -5 of an experiment, and especially flexural strength has exceeded the 
examples 1 -5 of an experiment generally. 

[0035] On the other hand, although the example 1 5 of an experiment which has not heat-treated is enough as the intensity, 
oxidization increase in quantity and the amount of asymmetry are further inferior to the example 6 of an experiment. Moreover, in 
the example 16 of an experiment, while 1000 micrometers and the 1 st very thick thin layer generated and the intensity fell, in a 
creep test, the test piece fractured on the way and measurement of the amount of asymmetry was not completed. Furthermore, 
under the nitrogen ambient atmosphere, in the heat-treated example 17 of an experiment, although the same result as the example 
8 of an experiment is brought, oxidation resistance is falling more. Moreover, in 1000 degrees C and the low example 18 of an 
experiment, similarly, heat treatment temperature is still large [ the amount of asymmetry ], although oxidation resistance is 
improved compared with the low example 9 of an experiment of processing temperature. 

[0036] Using the raw material of the same composition as the example 1 9 of an experiment, - the examples 1 0- 1 8 of 24 
experiments, like the example 1 of an experiment, the nature sintered-compact manufacture of a silicon nitride was carried out, 
and dispersion in flexural strength was evaluated about three kinds of cases where the maximum cortex is left as it was, 
respectively, and the case where it removes, except having changed the temperature and time of heat treatment (the number of test 
pieces of each conditions is 1 5). In addition, dispersion in strong is expressed with a Weibull modulus. If this coefficient is a 
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numeric value computed in the wye bull statistics which processes the destructive behavior of a ceramics statistically and this 
coefficient exceeds 20 about a general ceramics, dispersion is small, and it is supposed that dispersion is large when considerably 
less than 20. 
[0037] 
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[0038] According to the result of Table 3, there is almost no difference in the average of the flexural strength by the existence of 
the maximum cortex. However, there is a difference in the Weibull modulus clearly, when the maximum cortex is removed, it is 
25, 32, and 26, and the maximum cortexes are 14, 16, and 1 1 in the example left behind as it is. Thus, when it is not based on 
heat treatment conditions but the maximum cortex is removed, it turns out that dispersion in strong is clearly small. 
[0039] 

[Effect of the Invention] In the nature sintered compact of a silicon nitride of the 1st invention, since it has left the high maximum 
cortex of the quantitative ratio of an oxide as it is, although dispersion in a hot intensity is a little large, the nature sintered 
compact equipped with practically sufficient performance of a silicon nitride is obtained. Moreover, in the nature sintered 
compact of a silicon nitride of the 2nd invention, there are few amounts of sintering-acid components in the 1 st thin layer, and 
since the grain-boundary phase in the 2nd thin layer is a crystalline substance, it excels in oxidation resistance, and hot flexural 
strength can be large and the nature sintered compact of a parvus silicon nitride of the amount of asymmetry by the creep can be 
obtained. Furthermore, it can consider as the sintered compact which was more excellent in the elevated-temperature property by 
making the thin layer of the 1 st and 2 into the thickness specified as the 3rd invention. 

[0040] The amount of asymmetry by the creep [ in / the nature sintered compact of a silicon nitride of the l-3rd invention is 
excellent in an elevated-temperature property as mentioned above, and / an elevated temperature like the 4th invention ] is very 
the parvus. Furthermore, according to the manufacture technique of the nature sintered compact of a silicon nitride the 5th 
invention, the sintered compact calcinated [ is fabricated and ] and obtained can be heat-treated according to specific processing 
conditions under an oxidizing atmosphere, and the nature sintered compact of a silicon nitride of the property which was excellent 
in the 2nd invention can be easily manufactured by removing the maximum cortex after that. 



[Translation done.] 
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